Passive Mode-locking (PML) of lasers has been a subject of intense research because of the complex nonlinear dynamics involved in the self-organization of many laser modes and its relevance to a large number of applications [1]. PML does not require any external modulation and is the preferred approach for generating optical pulses at multi-GHz repetition rates [1] and it is commonly achieved by combining two elements, a laser amplifier providing gain and a saturable absorber acting as a pulse shortening element. A window for amplification is opened around the pulse due to the faster recovery time of the absorption.
Passive Mode-locking (PML) of lasers has been a subject of intense research because of the complex nonlinear dynamics involved in the self-organization of many laser modes and its relevance to a large number of applications [1] . PML does not require any external modulation and is the preferred approach for generating optical pulses at multi-GHz repetition rates [1] and it is commonly achieved by combining two elements, a laser amplifier providing gain and a saturable absorber acting as a pulse shortening element. A window for amplification is opened around the pulse due to the faster recovery time of the absorption.
Our proposal [2] consists in directly exploiting the polarization degree of freedom of light instead of utilizing a saturable absorber. In this approach, the amplifier both provides amplification and the nonlinearities for pulse shortening through crossed-polarization gain modulation (XPGM) caused by the reinjection of a polarization-rotated replica of the laser output after a additional time delay. While this mechanism is generic, it will be analyzed in detail for a vertical external cavity surface emitting laser (VECSEL). A possible realization using a VECSEL is schematically shown in Fig. 1 .
A single transverse mode VCSEL is coupled to an external cavity defined by a mirror of reflectivity r 3 . A polarizing beam splitter (PBS) is inserted in the external cavity, thus the x polarized component is fed back into the VCSEL after a roundtrip time τ 1 . Hence, the dashed box in Fig. 1 defines a multi-longitudinal-mode VECSEL while the orthogonal component (y) is expelled from the external cavity. A fraction of the x output is reinjected into the VCSEL through the PBS after a time delay τ 2 . An optical isolator (ISO) ensures unidirectional operation of the reinjection arm while a λ/2-plate converts the x polarization into the y component. PML arises from the interplay of three different time scales, namely, the external-cavity roundtrip time τ 1 , the reinjection delay τ 2 , and the gain recovery time T G . When a pulse is emitted, two delayed replicas arrive onto the active medium after times τ 1 and τ 2 , respectively. The first replica induces a depletion in population inversion, which can be further enhanced if the second replica arrives when the population reaches the minimum value. The subsequent recovery of the population will open a window of net gain after a time T G and trigger the emission of a pulse. This might lead to stable ML operation at the fundamental repetition rate only if the time T G roughly coincides with τ 1 , while it would lead to harmonic ML if it coincides with a submultiple of τ 1 . Fig.2 : a) Polarization resolved intensities, b) optical spectrum, c) carrier density in the PML regime Finally, we also present some preliminary experimental results relating a recent realization of this scheme to the case of small area proton implanted VCSEL at 850 nm.
